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Complexation -J' j^j c> u' 


Complexation 


• Covalent or non-covalent interactions between two or more species capable of 
independent existence. 

• Complexation is one of several ways to enhance favorably the physicochemical 
properties of pharmaceutical compounds. 

S' b Complex Jl cS' ‘ complex 4^4 ^^3 <. complexation 4^1 

i 4jiJII.:>c> 3 4jjLy9j 3 I ij^j=r ^1^' complex Jl 

^oJbJL^I ( oljjjt^lill 4^4^ b ^l4;!ill jl (JLiXlC 

Acceptor <^y ^3 oU^yiSJ^I J 4 ii.«;^^!i!l _9 Ligand 3 I Electro donor 4 ;;co^j (jliU oLjybJlillj 
© 4 !)! tLSj o' jj-l 4ijjtjL2> ^-b^l ti ti^l j^j 3 '^ ‘Sd Complexation Jl 


b ^^411 ^ i -v \l djlij^pJllI <>-ajjAj 


Complex 

• Results from a donor-acceptor mechanism or Lewis acid-hase reaction 
between two or more different chemical constituents. 

Electron 
Acceptor (Lewis 
Acid) 

• Constituent that accepts a share in the pair of electrons, is frequently a 
metal ion, although it can be a neutral ion. 

Electron Doner 
(Ligand) 
(Lewis base) 

• Molecule that provides a pair of unshared electrons by which the base 
coordinates with the acid. 

• Examples: H2O, NH3, Cf, Br, T. 


OLa^ (jiijo ^ Acceptor Jl_9 Doner Jl JJI v^l^l^l J^IAj^I 


S Complex 


# Intermolecular forces involved in the formation of complexes are: 


1. Vander Waals forces 

2. Hydrogen bond 

3. Co-ordinate covalence 

4. Charge transfer 

5. Hydrophobic interaction 

LiitLo ^Ijj^l l-s^ \j^ (Jl^ 'i ComplexJI ^^^4' 

.. ^3 3 (baic- J^^Jl 

Metal ion complex • 
Organic molecular complex • 
Occlusion or inclusion complex • 
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(JuCXxJl Ij jj>lj (JL*j ... L^lcLb 4^jJlII 



A. Inorganic complex typ e: 


• Metal complex (Coordination complex) consists of a central atom or ion, which is 
usually metallic and is called the coordination center, and surrounding array of bound 
molecules or ions, that are known as ligands or complexing agents. 

• Many metal-containing compounds, especially those of transition metals, are 
coordination complexes 

• Example of ligands: NH 3 , H 2 O, CN and Cl 

• Ligands such as NH 3 or CN' donate a pair of electrons forming a complex with metal 
ion and the electron pair enters one of the unfilled orbital of the metal ion. 

• Metal ions are electron acceptors so that are capable of binding with ligands as include 
Co^"^, Ni^"^, Ag"^, Fe^"^ and Cr^"^ 

Example: hexammineocobalt III chloride 
CO^^ -h 6:NH3 = [CO (NH3)6] +3CL 
NH 3 3+ 



NHj 
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• The ammonia ^ ligand. 

• The ligands are coordinated to the cobalt ion (acceptor). 

• The coordination number of the cobalt ion is the number of ammonia molecules 
coordinated to the ion (= 6). 

• Each ligand donates a pair of electrons to form between itself and the central ion. 

4J complex Jl (3 metal Acceptor Jl lS-Clc 3 

Donor Jl (> 5 j^l oLi_9_/5J:iII bj Coordination center 4^1 3P 

^UJI_9 33 Ligand Jl 4J1I0I 

^U^l (j J~-aj l.i pair of electronJI l^o oLiLt metal JJ ^ Ligand Jl 

ojjlc (_^I icjLiJI cj^Liuj_9^I ^ya Jbujjl Metal JJ 
.. 4ijjb metal lSIj J^jjJb cJb3^l_9 juJoJI 33 metals Jl (J^ 4J1I0I .ijoic 

Coordination complex Liyb JUs 

6 (j^ Hexa ^ cJj^SJl Bjd aA Jj^IAxu JJI^ hexammineocobalt III chlorideJI ^ JLuJI 

Ij-ifc Cobalt Jl (jl^b^ •• oJbj^l LgJL<iC.u^ oLj^jt^^l Cy^ l:^^_5^l AS^yys^ ( Ib^^l O ya 

ligand Jl Lo3.x5^b acceptor Jl 

J-ojo 4jl metal Jl^l acceptor Jl jo-Sj JJI ligands Jl Jiojj 3:53 coordination number U-o-^l a^ 

6 coordination number Jl Lbj^l 6v -Mj' cJj^SJI L^Lo JliJI 33 ^ complex 

'i Cy^ cbIS” ligand Jl 4 ^Liuo cblS^^ •• 30 4 ^Liuo 4 j| bJis b ^^^1 

Chelates ^ ^^1 (JbJi ^1 ^ojj S" 30 

B. Chelates: 

• When a ligand provides one group (one pair of electrons) for attachment to the central 
ion, then it called monodentate e.g., ammonia in hexammineocobalt III chloride. 

• Molecules with two or three groups are called bidentate and tridentate respectively 
(multidentate or poly dentate). 

• Chelate is a complex formed by two or more coordination bounding between 
multidentate ligand (organic compound called chelating agent) and a single central 
atom. 

• In chelates complexes, ligands are usually organic molecules, known as chelating 
agents, chelators, chelants or sequestering agents. 

• Chelates are complexes that typically involve a ring-like structure formed by the 
interaction between a partial ring of atom and a metal. 

oujlc ligand Jl Ol^ inorganic Jl ^L> 3 j}bjb.. ob^yb'^JI ya ya JS\^ 4 ;'-^ ligand Jl 03^ b ^1 3 lia 

^ 3 j Ly° j^l ligand Jl ba 35J bJjl-^ 3x3 

2lbjl ti>l jl tridentate w.«jl3 3 ojjlc 03^3! bidentate 3^33 ooit Ligand Jl 03^ 3^ 

Hexadentate 4x^13 EDTA Jl ^L> 3 3j ^^bjl 6 4^3:! o^^3 tetradentate -w-ob 
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OiS'oli JJI (j ^ organic molecule 0^^ b 4 ;'-^ ( 4 ' Legand Jl 0l ba oL 4 

(4^) i 5 j Inorganic 
Hexadentate cy^ (4' Chelate-U Jli4 EDTAJI (JU3 

• Ethylene diaminetetraacetic acid (EDTA) has six points for attachment to the metal 
ion and accordingly dorm Hexadentate complex. 


o 



o 


Ethylene diamine tetraacetic acid (EDTA) 


+ M 


Metal Ion 


O 



EDTA Metal Complex 


I-*‘-Clc 6jis JS" ( olj-i 6 oh'i 4_9 Cjy'3j^ Cjyj^ ojjlc ^ 6 EDTA T 4J >— 

Chelating ‘\y =>-^3 6 oajlc 4.^ EDTA molecule Jl 4 ^ 4;CiAf 

.. (jdjJA 40^1 t 5 l LijjCAj agent 

Chelates complex Jl cy ^jb 43T>JI JSIa, 44 ^^^ b Complex Jl cy ^hJI J$bJI Js. 

Ring like structure “W-bj-S 


Applications of chelating agents as EDTA; 

1. Increase stability: oxidative degradation of ascorbic acid in fruit juices and in drug 
preparation is prevented by addition of EDTA. 

2. Purification of hard water EDTA is widely used to sequester and remove 
calcium and magnesium ions from hard water. 

3. EDTA is used extensively in the analysis of blood. It is an anticoagulant for blood 
samples. 

4. EDTA is used to bind metal ions in the practice of chelation therapy, e.g., for treating 
mercury and lead poisoning. 

.. E DTA -H 

C ASCOrblC 3Cicl T 4 .C-l!o 4 yLAJl 4.::>L>- T 

Chelation Ul 5 Oxidation Jl J-obS' JjcucJj 4 ^' metals JJ Chelation J-ojCj 41 

Ascorbic acid JJ 5 A-«b'l EDTAJI (=lA3cc*.b cSa metals JJ 

(Sy^lSJlj (^yx^bicLJI eSj metals l-g4 tJJ'«^bJI_9l Hard water Jl^jWl 4^0 ,3 3^ -2 

metals Jl cJ^bul Uds c ^Loj>c«-tu^l_5l 4f)bJI 3 c$a 41-^1 c-voJ 3 cu.uI 4 

(j^Lo 5y4' b_4l jMjb dI«LX 5 Sequestering LgJui^l^l 3 ^ 
dJcoo ju>Uj jy4jJI (jlibj JJL?b J./ 5 j«.JI ool _9 4 ‘ fJJI JJbb_ 9 l Blood analysis Jl 3 .3 

4bLC- JjCjLo jc>J ^jJl ^bo f 2 jL:>ti!l ^-Coj ol-b>x- IaS" d^b" 3 a IaS" 3 I b 4j^ 
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UJl 5 Coagulation Jl JJ'_9 nnagnesium 3 calciunn 4^ f^l OL^ ‘ 

fwXJJ Clotting 31 blood coagulation i 5 ^ O^bcJI 

_9l load -II {So OU-*-^ U3-I ^5! <-;jy4o 4j| Toxicity Ob^^l i3 '4 

Chelating tiJu ^Js. 4j$l<iuo i_,v^ 15:5 oj^bjJI 4£jj?Jl ^JLtl mercury -11 

toxicity metalJiJ Chelation J-ojo EDTAJI sj agent 

C. Metal-Olefin Complex: 

• They are formed by the interaction of aqueous solutions of certain metal ion e.g. 
platinum, iron, silver, and mercury, with olefin such as ethylene 

• The produced complexes are water-soluble. 

• These complexes are used as catalysts in the polymerization of unsaturated 
hydrocarbons. 

• Example : Silver-Olefin complex 

i-Sj OlefinJI ^ silver Jl jl iron Jl sj metal J-cUj complex Jl S" b 

polymerization Jljl OjpjJI (3 jlA:^ water soluble 03^ complex (jou-oj 

3 ^1 (J^ b^ jO.;>t:?cJI 3 Ob-^ i_->Sy 3 objJjj- 30 JsJLC (_5^ 

Silver olefin complexll sj jl^ jl catalyst 


D, Aromatic complexes: 


Pi(7r) 

bond 

complex 

• If the complex is formed by a pi-bond between metal ions and the aromatic 
molecule, the complex is called pi-bond complex. 

• Benzene can be dissolved in aqueous solutions of silver nitrate through the 
formation of water- soluble complexes. 

• Example: silver Benzene complex, one silver ion lies above the ring and the 
other blow the ring, stabilized by Pi bonding. 

Sigma(<T) 

bond 

complex 

• Complex involves a sigma bond formation between an ion and a carbon of 
the aromatic ring. 

• These compounds are difficult to isolate 

• Example: friedel-crafts reactions bv the reaction of the catalvst couple, 
HC1/A1C13 with toluene. 

• Sigma complex have no practical pharmaceutical applications till now 

Sandwich 

complex 

• These compounds are relativelv stable 

• It involves a delocalized covalent bond between the d- 

orbital of a transition metal and a molecular orbital of the 1 

. . Fe 

aromatic ring ^-—1 

• Example: Ferrocene or bisdicvclopentadienvl iron II / C 
which has anticancer activity. 
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.. aromatic complexes!! 3 

l^icbo jsjjj s^LoJ! ij ^Lojj^l oUS^l 4lL> ^j 4lojo Pi bond complex-!! -1 

Ivl^j 5 j 5 0! benzene ring J! ^ complex JJb silver nitrate 

water soluble 03^ complex 14*) iaJjtj 

^Ujj;:^!! 43JbJl ^ -^>!ij-? -bLOj-^Complex J! C)j^ 0^ fi!^! bubSigma bond complex .2 

43Jls 1 JJl friedel craft J-cUb 4^ JliJ!_9 !o^! ^5! 4j J^bjJ! (ui)^') 

4jj.,yaj»J! 

jUjow!! 5 j 5 ^ i5j (J^Lojlo metal -!! o! IbS"4;> 4^! Sandwich complexJ! -3 

.. Ijs iJjULt 4tLo (_^1 aJ! (JJl Ijsj ferrocene i5ujl& JLlJIj .. IjiS”j-:>/J! 
{S ^3 t5! o!-'^ ^^.>iL*J! (_i 4jj.s! (_^! sigma & pi bonding-!! i3j-^ (^-u-c- (j-^ t5^ 



4 joj:i!l metal ion complex J^iii!! ^! ioS' 



44 ;^ J2j!j_^ LegandJ! ^ organic molecule 4 ji 5 Jj metal ion 03^ Acceptor J! Ua 
^l^j!:^! J3! (>03^ IjjIj 4 J^lS 41 ^ JJl ^ ^0^ 4_9^I (jyUJl Jaij 4 J! ••Jj^l ^! t5j covalent 


• They are formed between two organic molecules as a result of non-covalent interaction 
between a ligand and a substrate. 

• The interaction can occur through electrostatic forces, hydrogen bond, van der Wall's 
forces, charge transfer, or hydrophobic effects. 

• In charge transfer complexes, one molecule polarizes the other resulting in a 
type of ionic interaction. 

• London forces, dipole-induced dipole and dipole-dipole interactions play a role in the 
stability of the complex. 

I- Quinhydrone complexes: 

• It is an example of organic molecular complex formed by mixing alcoholic 
solutions of equimolar quantities of benzoquinone and hydroquinone when purple 
crystals of Quinhydrone complex settle down. 

• The 1:1 complex results from the overlap of the n-framework of the electron deficient 
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benzoquinone molecule with the re-framework of the electron rich hydroquinone 
molecule. 

• Quinhydrone complex is used as an electrode in the determination of pH 

OH 0 



+ 



Hydroquinone Benzoquinone Quinhydrone 
(colorless) (yellow) (purple) 

cS' 1:1 hydroquinone 3 benzoquinone 03^' complex Ijj Ua 

.. ^ 3^3 i)_5L*ZLo 

4^ :5jj>eo jl^^l ^3 purple 03^ Quinhydrone 4^1 JJI Complex Jl 

(4.<y4/3) pH Jl 

2- Picric acid complex: 

• Picric acid (2,4,6 nitro phenol) used as antiseptic , being a strong acid forms complexes 
with many weak bases such as polynuclear aromatic compounds. 

Example 

• butyl p-amino benzoate (Butesin cijW^' ^Vl) react with one molecule of picric acid 
and form 2:1 molecular complex Butesin-picrate, used as local anesthetics 

• Butesin-picrate is used as 1% ointment for burns and painful skin abrasion. 

• It combines the antiseptic property of picric acid and the anesthetic property of 
Butesin. 


NO2 



complex SjuaII 4 Jj .. antiseptic S'organic acid 1 :^ Picric acid Jl 

.. ij ILo .. {^3 1 ^ l_ 5 ^ 

4 JL^ j jjjk.oS'Butesin 4^1 cSjbc; 4 j butyl p-amino benzoate 4^1 4^ 

i JJI Picric acid Jl dxyj ^ complexation I_ 9 iojo 3 jai 5 .. aOJI ys- i:=bU]l 

ointment Q J-ojOb ja^k.oS') Js- SjjiJI 4 j b ComplexJI 

3- Pruq Complexes fcaffeine complexes): 

• Caffeine forms complexes with many drugs, such as benzocaine, procaine, sodium 
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salicylate, sulfonamide or barbiturate, to improve the aqueous solubility and the 
chemical stability of the complexed drugs 

The bonds in this complex may be; 

a. Hydrogen bonding between carbonyl group of caffeine and hydrogen atom of 
acidic drugs such as p-amino benzoic acid and gentistic acid. 

b. Dipole-dipole interaction between the electrophilic nitrogen of caffeine and 
the carboxyl oxygen of drugs such as benzocaine, tetracaine or procaine. 



• Caffeine drug complexes can enhance or inhibit the solubility, mask the bitter 
taste of drugs and improve stability of drugs. 

• The Complexation between caffeine and benzocaine inhibits the hydrolysis of 
the ester group that presents in benzocaine. 

• Caffeine + gentistic acid form a complex less soluble than caffeine itself, but 
mask its bitter taste and serve as suitable taste for chewable tablet. 

.. iSj ^ complex J-ojCj drugs ai-La !:> 

.. j3-^l bjJI 4 cLo :i^yo solubilityJI “Cl 4j3.il ^ complex 

JJl ^^1 dipole dipole interaction 3I hydrogen bond 0-“ 03^ Complex JI3I ^I^JI 

.. (^i 2 Jju£ 

^^^1 (OjJaJI Lgitaj3I ^ «I3JJI ^cUj Solubility 4jl 

(j 4 i3j> 3J3 JJl ester Jl JJu>cJI 3I Hydrolysis Jl <jl J' 4sUblJi> 4 .ojJs> (yL^bJl 0^ baJI ^bo 

(0.«c?JI (j 4£;^ 0^3 Jbci procaine Jl JbJlj3 Procaine Jl 

i>° J^l ^1 j 3JJI complex 63^^^ Gentistic acid Jl ^ ,_^«5 Juj 335^ J i^uilSJl J 

4)3i^ (Ju4aJI jOjJsdl JlC- JsjjLo 4j| 5_)^l (JjaJ .. i) 3 i^l 4X-bj ^L! 3 JJI .^ 33^31 iJ-bSj (ji^^l^l 0l C-vJjJJ b3 

... liIsLo 

4- Polymer complexes: 

Polymers as 

1. polyethylene glycols (PEG), 

2. polystyrene, 

3. polyvinylpyrrolidone (PVP) 

4. sodium carboxymethyl cellulose(SCMC) 

• These polymers can form complexes with a large number of drugs such as tannic acid, 
salicylic acid and phenol 


8 




























BEIN CEUTICS 


SUCCESS TEAM 



• Such polymers drugs interactions are usually present in suspensions, emulsions, 
ointments, suppositories, and some solid dosage forms. 

• These complexation reactions can results in physical incompatibilities. 

The incompatibility may be manifested as 

1. Precipitation 

2. Flocculation 

3. Delayed biological absorption 

4. loss of preservative action 

5. undesirable physical, chemical and pharmacological effects 

6. Alteration in bioavailability. 

• Polymer-drug complexes however can also be used to modify biopharmaceutical 
parameters of drugs. 

.. U excipient S'4ijUi3 Lil IjoJI ^ complex b 

ol jCiS' ^ complex (_UjCj 15:^ t Jjulc polymers Jl 

i5j Dosage form Jl (jjj^ ^ ij^3 baJlj j^^JI J^LaSjl interaction 
iSj IjjJI (ju incompatibility bl^l 

preservative Jl suspension Jl (jFlocculation JI3I buJI ^Lo 

(b 4jl j3-bl (3 IjjJJ ^byaJI (3 jl baJI i^b>o o[ms- ‘d3L>- Ul ^JJI 

bioavailability (JJI3I b^dl ^3:p3l ^bbl 

Examples of polymer complexes: 

a. Naltrexone (analgesic) and Eudragit polymer ^ increases dissolution rate of 
naltrexone 

b. Povidone iodine complex (iodine +PVP) ^ which possess superior antibacterial 
activity. 

.. jCb bJj ^3$'(3:5 Complexes Jl c-Ji^ drugs 3 polymer complex ijs. 

^3k:b" Eudragit 4^1 j..aJ3J ^ 4k^l U i opioids Jl ^J^^ j-o b Naltrexone Jl -1 
lSjI (JI^ effect Naltrexone Jl :^3j<i b ^Ul complex Jl 

PVP Jb y ^ySl^ y. ojLc b "oJ^bu" bj-^l c3 JJI jl Povidone iodine Jl .2 

jy ya 3J ^_yS£. Jj^l Iodine Jl Effect Jl JJb polymer 

.. JJI 

.. (o^iu oL^ ^1 Povidone iodine Jl ^^bbbl b 



1 


CH-CH2 


• Xl 


2 


bn 
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III. lATLlJSIO^^ COMPLEXES 


• These complexes are formed due to the ability of one of the constituents of the complex 
to get entrapped in the open lattice or cage-like crystal structure of the other. 

• They result from the architecture of the molecules not from their chemical affinity, i.e. 
they generally don't have any adhesive forces working between their constituent 
molecules and therefore also known as no-bound complexes 

• An inclusion compound is a complex in which one chemical compound 'host' forms 
cavity in which molecules of a second compound 'guest' are entrapped Partially or 
fully. 

• Inclusion complexation produces improvement in molecules solubility, stability, 
bioavailability, taste, and safety. 

J chemical forces lS' Chemical bonding lSI 4 ^ o' b 

JSCiJljl Lattice-I'j' Structure-II 4 jL.va:>- -djjJI O^ b' “^1 

non- ^li laS"f-l^ji:>-l) 4 x-Lo 

bound complexes 

I^Jo-Ijl) entrapment '4 LojOj_ 9I JJl ojiLJd Guest-" Lfe-o-«aj ^LJl JJl 

Host 

l.;oLoj 4 jd l^aJI ^bo jOjdaJl ^ya 4 ;>-L 3 d '_9 ^l-J^jJl ^ya 

.. 

ijix 4 ic.bj i_ 5 jOio (^1-*^ 

A. Channel lattice typ e: 

• The crystals of the host constituent are arranged to form a channel-like structure into 
which the complexing molecule (guest) can fit. 

• The guest molecule- must possess a geometry that can be easily fit into the channel¬ 
like structure. 

• Guest molecules are usually, long unbranched straight chain compounds because the 
channels are spring like spirals. 

• Such phenomena has been used to resolve mixtures of optical isomers because of the 
high stereo specificity of the complexation. 
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ChanneIsJt 1:^ Host Jl 0l Guest Jl Host JI jI ^jLy^\ j 

(^1 (jl Iu 5 "(^j ojJlqJI JSIA) Inclusion 4 Jj>1jj Guest Jlj oIjJ^lII jl oljj-xJI jl 

Host-II SlioJIj Guest-II G SLioJI 

^ CxoOcJ (^l>^l (3 Guest -II oljbj-:> (3 1^1 Ij-^ ^^Ij (jL<^^J 

^u^^^JlLujuo ojl^ Guest Jl (j^^ (jl (J^^l .. L^id-ljj 1^31^ host Jl ^l:o Channels Jl 

.. ^3^>cl.oJI ^3^jll (3j (J-^L^ lu5"l^JSCii) Sljjyi (jjl icjJcLo 

Inclusion 4-C^2 j>:l^ ol isomers (jtx^*-^ L^j3cLtA)l 4Jijj_L2JI 

inclusion 4Ju^2^^ ljbU>o jioo jj>-jllj Host Jl ^l:o channel Jl ^ 4 c1jj Stereo Jl jl 

.. 00^3] inclusion JJI 

... (3^ ^i^jIsJI 4Jliool (^3^3 (JLsCi 


Example of complex 

Host 

Guest 

Notes 

1. Camphor + deoxycholic 
acid 

deoxycholic 

acid 

Camphor 


2. Urea and thiourea + 
paraffins, alcohols, 

ketones and organic 
acids 

Urea and 
thiourea 

paraffins, 
alcohols, 
ketones and 
organic acids 


3. Urea + Vitamin A 
palmitate 

Urea 

Vitamin A 
palmitate 

This complex prevents the 
oxidation of vitamin A 
palmitate 

4. Starch + iodine 

Starch 

iodine 



Inclusion Jl 0^ 313^^33^3 JU: 


B. Layer Typ e: 

• Layer type complex or intercalation compound is a type of inclusion 
compound in which the guest molecule is diffused between the layers of carbon 
atom, to form alternate layers of guest and host molecules. 

• Minimal stereo-specificity is needed in comparison to channel type inclusion 


Examples: 

1. Montmorillonite , principal component of bentonite clay, have 

the ability to 

arrange themselves layers crystal lattice. 

2. Many molecules (e.g. hydrocarbons, alcohols and glycols) can 
be trapped within these layers to form inclusion complexes. 

3. Graphite is also capable of intercalating a number of 
compounds between its layers. 

c2Jj 33 Gu0st Jl LgJJ^tio Ij 5" (J^^ (3 Host Jl G ^3^1 3 

oL)4Ji^ ^I-^I (j^ 4Ji^ Ij5" ^Uull^ 

(JjLoJUb ^Ij^Jl^ GU0St Jl llib djlyw.^>oJl .. ^jl Cljlyw.^jO^ AA.A::> 

© Id^ t>® •■ Host Jl 
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4iix5^l.. JliJI_9 Montmorillonite I4J SjjUJI Bentonite clay Jl 

|jj:> |jj:> 

C. Clathrates: 

• The clathrates are compounds that crystallize in the form of a cage-like lattice formed 
by the association of several molecules of the host compound in which the molecule 
of guest compound is entrapped 

• The guest compound may be a solid, liquid or gas and may be released from 
the complex by heating, dissolving or grinding the clathrates. 

• Chemical bonds are not involved in these complexes and only the molecular size of 
the encaged component is of importance. 

• If it is too small, it will escape from the cage-like structure of the host. 

• If it is too big, it won't be accommodated inside the cage. 

Guest -II ^5! Csge la^aj Host -II ob-jy^tJI ol G ^jj-ll 

^JJI 4..i«A;>Jl °jj^l jl-^ (j^-9^ J^l-^jl G guest JI Ujr^j molecule 

b JS".. 4jc=Js>l (joo grinding J-o.cl 3I Cage -II dissolving J-o-tl jl jjk.^1 ^il (jpjf= 

Host-II Guest Jl 

ia^l ^1 Host Jlj Guest Jl (ji? chemical bonds 1514^^^,^^ Inclusion Jl ^1 

(.53I 0 ^ ^jj ^1 b-oCTcJ Guest molecule Jl ^ Molecular size ^l Particle Jl ^ ^s^ 

Cage Jl 1 ^^ J^aj jai^ ol^jJ^ 1 ^^ x*si^ o^-9 ijb jjSJ ^^1 ENTRAPMENT 

inclusion complex like structure 



b P^l 4X-Lb 4jLLodl L-S^j-Aj (jl-*j 


Example of complex 

Host 

Guest 

Notes 

Warfarin sodium + water 
or isopropyl alcohol 

Warfarin 

water or 
isopropyl 
alcohol 

Warfarin is anticoagulant 

Hydroquinone + 
Methanol or HCL or CO 2 

Hydroquinone 

Methanol or 
HCL or CO 2 

smaller molecules as H 2 and 
larger molecules as ethanol 
cannot be accommodated 
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P, Monomolecular Inclusion Compound: 

• It involves the entrapment of single guest molecule into the cage-like structure formed 
from a single host molecule 

• A representative example-of such compounds is Cyclodextrin (CD). 


Cyclodextrin 


• Are water soluble cyclic oligosaccharides containing minimum of six D-(-i-) 
glucopyranose units attached by a-1, 4 linkages. 

• They are produced by the action of Bacillus macerans amylase on starch. 

• The natural a , p and y Cyclodextrin consists of 6, 7 and 8 units of glucose, 


respectively. 



O'" 

HO 


• The Cyclodextrin structure forms a doughnut ring structure that can entrap drug 
molecules to form inclusion compounds. 

• The size of the cavity increases by increasing the number of glucose units, 
a-CD being the smallest, a-CD is not very useful for pharmaceutical applications 

• p CD and y-CD are more useful for pharmaceutical technology owing to their large 
cavity size. 



Hydrc 

rt.rn ft.rn u-rn 
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• The interior of the CD cavity is usually hydrophobic because of the CH 2 groups, while 
the exterior of the cavity is hydrophilic because of the presence of the hydroxyl 
groups. 

• Complexation with CD does not ordinarily involve the formation of covalent bonds. 

• Molecules of appropriate size and stereochemistry can be included in the Cyclodextrin 
cavity by hydrophobic interaction. 

Guest inclusion J-ojCo Ua ^ Monomolecular las'<1^1 

1:1 Host -II 

olaj>9 natural ojsU Host 03^ G3 Cyclodextrin L^l JS'ji\ 03^ b ^1 ij 

.. (_yajo (jjSlujLo3353!:^ 0IJ03 6 30 4j|ju jSImJI 30 

^■A£. fjs^ bL:^3 1:1^3 liJI .. Lob- cJL) ^3 Li^ ^3 LflJI Lc.3j i Cyclodextrin Jl j-o ^1331 3 baic 

30 JS” (jp3So 4l:>b (_JJl oliiy?- 

.. Lo 4 .x> 0 w,^ub 3 3^-3 la^ 4 j.> 0 wwxA ~~l 3I3 1"^ I 0 I L"j 3 J 

4;>3iLoJI 63!ibJI (_JJl dough nut -11 3I y: 2 JL 9 3I <iJds>- (JSl«) Lg-ybjo lilxcojjo j^.iuJI 4x-Lb oliiypJI 

© (j^l t>® 

Cyclodextrin -II ^Lo 43 Jl:>JI 3I SjjIjJI jJa5 Lol jSbJI objj.:^ Jujj Lol ol (js^tdaJI 
Loj jOJScj^JI OJ-*j (_JJl3 4.oJCJiJL«aj luS" OLaLC-3 LaJl (O-^lsI (_JLlII-) 3 LgJL>-lJL) yS\ 4.oj>t:>- 

LoL:>-3& ^^Js- Loj^tj>- 323^13 

30 03^^ ^1 ^113.0,0 .. otisl oSL) 4jJL) 4ji_wj ljbJL>-Lab oL:>-L >-( Aa^ (J^ Ul las' 4ij>3?JLo 

.. ^aJla- .. sugar Jl ijs. l^k^l LJ laS'Bacillus macerans l^^l LjtS^^rva:>ca^3 IIS'l^o-^l ^1; 

4^ 0l water hating 3I ^LJl 3-^ ijoohydrophobic 03^ Cyclodextrin Jl ^^laJl oy:=Jl 
13:^ Cyclodextrin Jl 13=- -b^l jaal (JLJb3 lipophilic 03^ 03:>3^l 0l u^j'^ la^b CH2 ob3o.;>^ 
30 03^a^ ol i_3«j 4JLt ^LJl 4:;blj3S Cyclodextrin Jl 0^ ^LJl (j 3.03S' vi'-b* b l3aJl3 Lipophilic 

.. 3,03s' 0-J3 ao 3^.«jJ I3 3^-*^ 

.. ojcbJl OHJI 0LC300J03 hydrophilic 03^ b ^yl^l oj-^JI 3SJ 
.. 013^ ‘C«oj>-l3a5l oLa^x- Cyclodextrin Jl ^3 ^ 3^.^b"-9 3?'-^ “bl *l>?'JI 03^ 

SS Cyclodextrin Jl 4,^o4bl t5l (J3 


# Applications of Cyclodextrin: 


1. Inclusion complexes of various drugs with Cyclodextrin have been used to enhance 
the solubility, chemical stability and absorption of these drugs. 

aoLiJl ^sj ^3 b'-^' 30>L,,2ao^l Jajto3 ^1 j 3JJI 30 3,,,^ b Cyclodextrin Jl ab-^l^ bail Inclusion J-o^l LJ 

aicLo 

2. Complexation with Cyclodextrin stabilize & solubilize sulphonamides, 
tetracyclines, morphine, aspirin, benzocaine, ephedrine testosterone & retinoic acid. 

A^ 3 ^\y Inclusion lS-^ ^34^13 tetracycline Jl 3I sulphonamides Jl ibj ^3-^' cJlo-c 3J 

4j^ l4:3b3S3 sensitive 03Saj l^Lo stability Jl 3® b Cyclodextrin Jl 

3. Complexation with Cyclodextrin improve the organoleptic characteristics and mask 


14 























BEIN CEUTICS 


SUCCESS TEAM 



the bitter taste of certain drugs in oral liquid formulations e.g. the bitter taste of 
suspension of femoxetine, an antidepressant, is greatly suppressed by complexation 
of the drug with ^-CD 

bitter inclusion Cyclodextrin Jl 

.. b ^5-^ t5'^l ^Ccv «\o Femoxetine 

4. The dissolution rates of famotidine (an anti-ulcer drug) and tolbutamide (an oral 
antidiabetic) are increased when complexed with p - cyclo dextrins 

4 jSLJl 1'^ tolbutamide 4 ^ 1 obo^ ^>^12!^ li '- 5 ^14^113:54^ 

Cyclodextrin J (<^4^1 bJ ^04^ 

5. Derivatives of natural Cyclodextrin have been developed to improve the 
aqueous solubility Si to avoid nephrotoxicity . 


i_,v4«aj L^l 14^1 JJ1_9 4 j3^ ^Js. obA^ Cyclodextrin Jl obaiAxi derivatives tbJuJl 

lijJS' Jju5 (J115.^33 4;^ 43_j5bJI olijjicJl nephrotoxicity 

6. Hydrophobic forms of p CD have been found useful as sustained release 
drug carriers. E.g. the release rate of diltiazem was significantly decreased by 
complexation with ethylated p-CD. 

sustained release 4jl synthetic JJI Cyclodextrin Jl hydrophobic Jl J^l 

4j:>Li:>o^ bo^j.<i.£- 4:>ojJI_5 .Jg-jLyaJI diltiazem l4-o.^l (y Sjjlo^ sytaJ 

effect 1^ boJ.5 4 a.>-b obZu^- 4JL)^^J:^ dbcwj 

IjoJI ^bo release Jl JJi^i Jjbl 

E. Macromolecular inclusion "molecular sieves" 


• Macromolecular inclusion compounds or Molecular sieves <bLj>>as they are commonly 
called, Include: Zeolites, Dextrin and Silica gel. 

• The atoms in these compounds are arranged in the three dimensions to produce cages 
and channel structure. 

• Guest molecules are entrapped within this structure. 

• Synthetic zeolites may be made to possess a definite pore size to separate Molecules 
of different dimensions, and hence the name, molecular sieves. 
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(^LuxC- ^ I (3 HOSt-^^ {^_y^ IjJb 

IjjJl ljblj_::> IjjJl 

jiii jl pore size Jl j j^ synthetic ^1^31^ Molecular sieves 

’'4jL:kjuo’' j<x^>t:>Jl oLjbj-pJl L^J3tjLtA)l L$j 

.. 4Jbl 4jLll3t>oJl ^(JJX- 

.. General applications Jt JU: ..Connplex Jl ^ JS'1 


# Applications and Importance of Complexation: 


1. Improve the drug volatility: 

Complexation reduces volatility and odor, e.g. volatility of iodine can be reduced 
by complexing with polyvinylpyrrolidone PVP). 

^j, U jjSJ volatile J^' b-'-" Volatility Jl cy^ Connplex Jl cyj^ 

povidone iodine cy connplex 


2. Stability; 

Solid state stability and chemical stability of drug can be improved by 
complexation. E.g. the rate of hydrolysis of benzocaine can be reduced by 
complexing it with caffeine and vitamin A and D with P Cyclodextrin. 

Jisl ^j5Cu3 benzocaine Jl JliJI ^J£. Complexation JL> baJl Stability Jl o-^' 
vitamin lij oil soluble Jl oLysbpiJI oLa^ cy ci ^tp hydrolysis Jl 

CyclodextrinJI ^Ja-ojl^j A and D 

3. Solubility; 

Solubility of water insoluble drugs can be enhanced by complexation. E.g., low 
concentration of Caffeine enhances the solubility of p-amino benzoic acid 
(PABA), and complexation of theophylline with ethylene diamine (to form 
aminophylline) enhances the solubility and dissolution. 

oj^pLi^ caffeine Jl lSJ ^LoJI ‘^ 3 '^ lA® tJJ^ 4x-lp ^b_ 5 JJI 

4^1 (_^ ^ ethylene diamine Jl theophylline Jlj PABA Jl ^^tp Ajh^AII 

theophylline Jl cy ^b^lll 4^ pjjp aminophylline 

4. Dissolution; 

Dissolution of drug from dosage form can be improved by complexation as a result 
of increased solubility. E.g., phenobarbital dissolution is enhanced by inclusion 
complexation with P Cyclodextrin. 

(jiLJo ijs. (jco^l 0^ bJJI <is.\y> solubility Jl ojsbjJ 4;>t:Aj jujp bjJl ^Lp dlSlaiJlj dissolution Jl 

.. (VjtxtxSb^jJSlL^I 4jii.wjl^ 4X-Lp liJSlttjJI 4b)o (_JJl (Jllujlj^jjL^I 

5. Absorption and Bioavailability; 

Complexing drugs with Cyclodextrin results in higher ocular, oral and transdermal 
bioavailability compared to free drug. E.g. p Cyclodextrin complexation with 
indomethacin, barbiturates ^ improves their bioavailability. 

^ Tetracycline complexation with calcium, magnesium, and Aluminum ^ reduces 
the bioavailability of tetracycline due to formation of insoluble complex. 
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(j-C- IjjJI OJi3-l 4lL>- ^ 4i2^^Lj l^jJl 4x-Lb (jipL^^aX/o^l Jb)o 

c3oj3^jUI_9 iSj transdermal clxi^' (jpj^ ocular JI3I Oral Jl 

calcium ^ U Tetracycline Jl ^ J^l ti lij Jij oLo^ 

magnesium jl 

6. Reduction of Toxicity: 

^ Cyclodextrin reduce ulcerogenic effect of indomethacin and local tissue toxicity 
of chlorpromazine. 

l^aJl 4^1jo ^1 toxicity -II tji-^ ol-*^ 

chlorpromazine l^^l Ij-u JJl tissue toxicity-II jl las' jp^^l lSJ sujtJI 

7. Antidote for Metal Poisoning; 

^ Dimercaprol is used in case of heavy metal ions poisoning, such as arsenic, 
mercury, and antimony poisoning ^ they form water soluble complex eliminate 
rabidly from body. 

Salicylic acid is used in case of beryllium poisoning. 

Ethylene diamine tetra acetic acid (EDTA) is used in case of lead poisoning. 

PVP iodine complex is water soluble with low toxicity and prolong action. 
i3^jJb pf^l oplj«-dl ^ metal poisoning Jl Toxicity-II JBI ola^c oaa-l (^.^Sloo^SJl jjSlo..o 

t5:> Oplj«-^b water soluble 0_jS^ complex 03^ Dimercaprol Jl t5j ojsU (0 .aU^ cJs^^3J15 ^ 

.. ^o-x*a.’ 3 >cJ I (3-^ ^ 3-30 

Lead Jl ^L> EDTA JI3 beryllium poisoning Jl ,3 oLoS'35L0..03 

8. Aid in optimization of the delivery system: 

v^E.g. ion-exchange resins affect the distribution in the body after systemic 
administration. 

^Lo Distribution Jl -kTsl 3I q£. ojjb bl JJl l^jJI ^bo delivery Jl (>^l oSLo^o oLoS" 

ion exchange resins Jl ^sj ^ 1 ^ i>= 


# Therapeutic applications of complex formation; 


1. Cisplatin and carboplatin (metal ion complexes) are platinum complexes used as 
anticancer agents. 

ujj^Ul t>“ ion metal complex 13^3^ Cis platin I3J53 Carboplatin -Wul I3J5 ^js. 

^ lSI Cis or carboplatinJI cJJ3^3 oL>cco;;JI J Jly.^ 2J3JJI .. las'J UyLa c-bU 133 

SS" ComplexJI J33I 


H3N, /I 0 -C 

A Pt 

H3N Cl H3N^ ^ 0 -C 


0 

// 



Cisplatin 


W 

0 


Carboplatin 

2. Povidone iodine is water soluble complex of PVP with iodine and is used as an 
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effective topical antiseptic and germicidal. 

■ • lSI Jj 4 jl Uls JJI povidone iodine d 

3. EDTA is used in the treatment of urinary calculi and calciferous corneal deposits. 

U!)jc>-l 3_5 4 j_ayLoJI ^ binding Ji d.<u«ju 5 > jL^^I L^Jl:>c<. 4 «j EDTA Ji 

C-vt^al^ol (_JbJb_5 cbt3_9 

4. 8-hydroxy quinolone form complex with iron resulting in better penetration 
through the cell membrane of malaria parasite and better anti- malarial activity. 

cell nnembrane Jl cy^ 8-hydroxy quinolone ^ connplex iron Jl 

OlajaJb ^ 8 hydroxy quinolone Jl 0^ bj^l 

5. Cupric chelate of p-amino salicylic acid possesses better anti-tubercular activity. 

(_Mljl tuberculosisJI p-annino salicylic acid Jl cupperJJ chelation < 3^1 


6. Titration Analysis : ^ Complexometric titration is valuable to assay drugs 
containing metal ions such as, calcium gluconate and calcium lactate. 

3 <i.cl Uis i fjj-dlS' 4 ^ {S^3 calcium gluconateJI lSJ titration J-ojCj eiil j 

Calcium Jl EDTA Jl 4 ^ tJ>tl ^J^ EDTA j titration 

i5l as IjaJIyb JJI gluconate 

7. Dosage form design; ^ Complexation of drugs with excipients and polymers 
results in the development of novel drug delivery systems and sustained drug 
release devices. 

hjjv Sustained release Jl 4 kLi Uis 

8. As bio constituent: 

a. Hemoglobin and myoglobin are iron complexes that are essential for 
transport of oxygen in the blood and tissue. 

b. Cytochrome c is a natural chelate involved in photosynthesis and respiratory 
systems. 

c. Cobalt is present in complexed form in vitamin B12. 

(j 3 °l.c.iron Jb iron 3 heme iy° JJI (_ 5 j cl)l-«^^l (O-*-**^ J l.i 

j3S\jLa:\\:i^ .. (3 j_ 9 J 5 4J JJI hemoglobin 30 jj oL^ t" complex 
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pLiJI oLjJI CytochronriB C i:>U> 4^ 

.. 5 jj^ (3 ATP T (3:A^ (3 (3 4 Jj oLuj^l 3 

3'^j^ complBx VitBmin B 12-11 3 03^^ ^ 3 ^ 3 ^ ^ 3 ^^ cuij 3 ^l 3 

© cu^ ^ijLuj cuji 



Prot 6 in Jl oLat^ J 3 -Ij _5 4 Jj 1 «.Lii (jl ^Ij^l Sy^^L^c^sJI .. 5^;-ybl:>cjsJI cu.^ijl 03 ^ 

24iJI binding 
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